A rapid and convenient measurement of tryptophan in whole blood, serum, liver, brain, urine, and alkaline hydrolysates of proteins and foodstuff was done by high-performance liquid chromatography. The sample preparation was simply homogenized or mixed in a 5% trichloroacetic acid solution and a sample of the supernatant was injected onto a column after filtration with a 0.45-jim filter. The method used a Chemcosorb 5-ODS-H column (particle size, 5 fim, 150 x 4.6 mm i.d.) eluted with 20mMpotassium dihydrogen phosphate (pH adjusted to 3.7 by the addition of phosphoric acid) containing 1 g/1 of sodium heptane sulfonate and 3 mg/1 EDTAà"2Na-acetonitrile (93: 7, v/v) at a flow rate of 1.5ml/min. The tryptophan contents in whole blood, serum, liver, and brain were electrochemically estimated at + 1000 mVvs. Ag/AgCl, the detection limit being 0.2 pmol (40.84 pg) at a signal-to-noise ratio of 5 : 1. The tryptophan contents in urine, proteins, and foodstuff were fluorometrically estimated with an excitation wavelength of 280nm and with an emission wavelength of 340nm, the detection limit being 20pmol (4.08ng) at a signal-to-noise ratio of 5 : 1. Tryptophan was eluted at about 10.5min. The total analysis time was about 12min.
Tryptophan is an essential amino acid and also the precursor of the neurotransmitter serotonin, behavior-active trace amines like tryptamine, and a vitamin, nicotinic acid and nicotinamide. Numerous methods have been developed for the separation and measurement of tryptophan and its metabolites. Among these methods, high-performance liquid chromatography (HPLC) has become one of the most convenient methods for the measurement of tryptophan and its metabolites. However, for the measurement of only tryptophan, some of these methods are complicated and timeconsuming1~5) and some of these methods are applicable to only one of these biological materials such as brain,3'6'7) plasma and serum, 5'8"12* urine,1'4'13* or foodstuff.14'15) That is, no HPLCmethod for the measurement of tryptophan in biological materials such as blood, urine, tissues and foodstuff appeared to be entirely adequate. We report an isocratic 1475 reversed-phase ion-pair HPLCmethod using electrochemical and fluorometric detections that permits the measurement of tryptophan in biological materials and foodstuff in less than 12min. The sample preparation was simply homogenized or mixed in a 5% trichloroacetic acid solution and a sample of the supernatant wasinjected onto the column after filtration with a 0A5-jnm filter. at a signal-to-noise ratio of 5 : 1.
Precision and recovery of tryptophan from biological materials To measure the precision of the method, the measurement for tryptophan contents of samples such as whole blood, serum, liver homogenate, brain homogenate, and urine in rats (see , Table IV ) were repeated five times.
As shown in Table I , all the C.V. were around 2%, indicating that the reproducibility of this NaOHwas calculated using OD\°£0nm =7. 5. homogenate, and to 500 fA of urine respectively, according to procedures shown in Figs. 1, 2 , and 3. High recoveries of tryptophan from these samples were obtained (Table I) .
Recovery of tryptophan present in protein
The recovery of tryptophan contents in Values are an average of two samples. The extracts of trichloroacetic acid were kept at 0^°C. Table II . These results indicated that the procedure for the alkaline hydrolysis used (Fig. 4) is suitable for measuring tryptophan in protein as reported by Hugli and Moore16) and Sato et al.17) Stability of tryptophan in a trichloroacetic acid extract of biological materials Since tryptophan is known to be labile in an acid solution, the stability of tryptophan in the trichloroacetic acid extracts of whole blood, serum, liver, brain, and urine was examined.
As shown in Table III , the tryptophan in the acid extracts from whole blood, serum, liver, brain, and urine was stable within 72hr when the samples were stored at 0-4°C. Geeraerts et aL18) reported that tryptophan and its metabolites such as kynurenine, serotonin, 5-hydroxytryptophan, 5-hydroxyindole-3-acetic acid, and kynurenine acid in urine were stable within 7 days when the urine was stored at 4DCand the pH was adjusted to 2. Sato et al.11} reported that the tryptophan in a hydrolysate of lysozyme was stable at least for 14 days when the hydrolysate was stored at 5°C and the pH was adjusted to 4.2. In the present experiment, the tryptophans in alkaline hydrolysates of lysozyme, albumin, and wheat flour were stable at least for 7 days when the alkaline hydrolysates was prepared according to the procedure as shown in Figs. 4 and 5, and stored at 0-4°C.
Application of the method Electrochemical detection.
The ehromatogram of the standard tryptophan is shown in Fig. 6 -A, tryptophan being eluted at about 10.5min. The chromatograms of the extracts of rat whole blood, rat serum, rat liver, rat brain, humanwhole blood, and human serum are shown in Fig. 6-B, -C, -D, -E, -F , and -G, respectively.
Tryptophans in these samples were characterized on the basis of these retention time, the total HPLCanalysis being respectively. Tryptophans in these samples were characterized on the basis of these retention time and the entire excitation and emission spectra between 250nm and 400 nm. Tryptophan contents of whole blood, serum, liver, brain, and urine in rats fed with a 20% Reference number. Values are means+SDfor five rats. Male rats of the Wistar strain (8 week old; body weight, about 240g) were obtained from Clea Japan Inc. (Tokyo, Japan) and placed immediately in individual metabolic cages (CT-10; Clea Japan). The rats were fed with a 20% casein diet [casein, 20%; a-cornstarch, 46%; sucrose, 23%; corn oil, 5%; mineral mixture (Oriental's ration),27) 5%; vitamin mixture (Oriental's ration),27) 1%] ad libitum for 10 days. Urine samples (48-hr urine) were collected in bottles containing 1 ml of 1 m HC1from 10:00hr on the 9th day to 10:00hr on the llth day and stored at -25°C until analyzed. The rats (body weight, about 280g) were killed by decapitation at around 10:00hr on the llth day, the blood was collected in tubes without anticoagulant, a part of whole blood was prepared as shown in Fig. 1 for measureing tryptophan. The livers and brains were removed and prepared as shown in Fig. 2 . The clotted blood samples were centrifuged at 2000 x g for lOmin, and serum was collected and prepared as shown in Fig. 1 .
Values are means+SD for six women (21-25 years old). Human blood was collected before lunch from the antecubital vein in tubes without anticoagulant, a part of whole blood was prepared as shown in Fig. 1 , and the remaining blood was allowed to clot for 30min at room temperature. The clotted blood samples were centrifuged at 2000 x g for 10min and serum was collected and prepared as shown in Fig. 1 . Urine was collected from the second excretion on the day to the first excretion on the next day and stored at -25°C until analyzed. Values are means + SDfor triplicated analyses of two alkaline hydrolysates.
casein diet, and whole blood, serum, and urine in human, and wheat flour are given in Table   IV .
Under the HPLC conditions used in this study, the tryptophan metabolites such as xanthurenic acid (about 1.5min), 3-hydroxykynurenine (2.1 min), kynurenic acid (2.5 min; detected with an excitation wavelength of 344nm and an emission wavelength of398 nm: did not react electrochemically and no detectable peak at an excitation wavelength of 280 nm and an emission wavelength of340 nm), 5-hydroxytryptophan (3.2min) , kynurenine (4.5 min), 3-hydroxyanthranilic acid (5.2 min), 5-hydroxyindole-3-acetic acid (9.5 min), anthranilic acid (16 min), serotonin (34 min), and indole-3-acetic acid (60 min) were eluted, but tryptamine was not eluted. So, these tryptophan metabolites did not disturb the detection oftryptophan, and these metabolites except for 5-hydroxyindole-3-acetic acid (1972+286 pmol/g brain; mean+ SD for five rats) in brain
were not below the limits of detection under these preparation methods.
